Journal of environmental geography : Vol. III. No 1-4. by unknown
Journal of Env. Geogr. Vol. III. No. 1-4. pp. 1-9. 
 
CATCHMENT-SCALE RELIEF DEVELOPMENT AS THE RESULT OF LONG-TERM  
AGRICULTURAL ACTIVITY, CASE STUDY ON SZEKSZÁRD HILLS, HUNGARY 
Benyhe, B. – Kiss, T.  
University of Szeged, Department of Physical Geography and Geoinformatics, 6722 Egyetem u. 2, Szeged, Hungary 
Abstract 
Human impact has played important role in the relief development of 
Szekszárd Hills, as the history of viniculture dates back to the Roman 
Times. Approximately 17 % of the area is used as vineyard. As vinicul-
ture is one of the most intensive land-use type and soil erosion is very 
severe on the loose loessy material of these hills, relief development is 
quite fast in the area. The aim of the study to estimate the catchment-
scale erosional loss of the area caused by viniculture and to evaluate 
the role of artificial terraces on landscape development. Three smaller 
catchments were chosen as study areas in the north-east part of the 
hills. Based on the digital elevation model of the area the minimum net 
erosion was calculated. The calculations reflect that the amount of 
erosion was higher (1) on the slopes with southern exposure and (2) in 
tributary valleys close to the town. The accelerated erosion altered the 
longitudinal profile of the tributaries and the terraces changed the 
profile of the intercollin ridges. 
Keywords: relief development, catchment-scale erosion, vini-
culture, artificial terraces  
INTRODUCTION 
Since the early periods of agriculture the surface has 
been changed by human impact. Ploughing is the oldest 
surface-modifying agricultural activity, but its effect was 
different in different periods and regions. The invention 
of agricultural tools (e.g. plough) allowed the cultivation 
of areas have not been used previously. The main effect 
of ploughing is evening the surface, but it also acceler-
ates erosion resulting the reshaping of the landscape 
(Szabó 2006). Agriculture has direct and indirect impacts 
on landforms and in landscape development. The direct 
forms have been made on purpose, like ditches and 
channels to drain run-off or terraces to make steep slopes 
cultivable. Indirect forms developing by natural process-
es but driven by human impact, like ridges and furrows 
as the result of ploughing, gullies due to soil erosion, 
bank-in roads and artificial terraces in hilly areas. 
Cultivation of terraces has a few thousand years-old 
history. It is most common in East-Asia where rice is 
cultivated on the terraces, but they can also be found in 
the wine and fruit producing regions of Europe. Various 
types of terraces exist depending on climate, landscape 
and tradition. The surface of the terraces can be horizon-
tal or gently sloping, they can be supported by walls and 
may have rim at the edges (Szabó 2006). Regardless of 
their form, the creation of the terraces requires great 
amount of artificial material transport and deposition. 
The construction of terraces has numerous unfavourable 
environmental effects, especially in areas where their 
planning is not precise. In these areas runoff usually 
increases due to the disturbance of the surface and 
changed vegetation, and this results accelerated erosion 
(White et al. 1984). Therefore, drainage ditches are often 
built on the terraces to control run-off, however these 
ditches alter the timing of stormflow, increasing the 
discharge of the main stream and causing larger floods. 
Besides the above described human induced chang-
es the relief development still show the classical devel-
opment phases typical for all landscapes. The studies on 
surface evolution of hilly or mountainous regions began 
in the 19
th
 century. The concept of denudation cycle was 
developed by Davis and challenged by Penck and others 
(Summerfield 1991). In the Davisian theory surface 
dissection of a raised area is controlled by streams which 
besides incision eroding the intercollin ridges, decreas-
ing the angle of the slopes (slope decline) and the eleva-
tion of the area. This theory is applicable to many hilly 
areas of the mid-latitudes, but it is quite general and 
considers fluvial erosion as the only one process in land-
scape development. Penck also worked out a model of 
slope development, but in his slope replacement model 
the process of flattening (erosion of the intercollin 
ridges) is from the base upwards when the slope profile 
is getting lower as the slope retreats. Based on the degree 
of erosion followed by the disturbance (uplift) stages of 
relief development were defined (i.e. youth, mature and 
old age). Though these models are quite simple and 
neglect several factors, some of their elements (i.e. slope 
development) still can be considered in modern relief 
modelling studies. 
On agricultural areas and terraces accelerated soil 
erosion is the main process in altering the relief, but is 
role in long-term landscape development is rarely evalu-
ated. Mostly, because soil erosion is usually studied on 
small parcels (e.g. Davis 1976, Stolte 2003, Kitka et al. 
2009), but rarely on larger areas.  
The aim of the research is to estimate the amount of 
(soil) erosion on catchment-scale relief development and 
to evaluate the geomorphic changes from the point of 
view of duration of human impact. The Szekszárd Hills 
were chosen as a study area, because they are one of the 
vine producing areas of Hungary with the oldest tradi-
tions. Here viniculture, which is one of the most inten-
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sive land-use, is combined by the formation of terraces. 
The problem is, that the region is characterised by thick 
loessy deposits, therefore the hilly surface is highly erod-
ible. On about half of the region the rate of soil erosion 
is over 90 % (Ádám 1964), but considering the study 
area the spatial extension of such highly eroded soils is 
even more, as it is over  90 %. 
STUDY AREA 
The study area is located in the north-eastern part of 
Szekszárd Hills, which is the easternmost member of the 
Transdanubian Hills (Fig. 1). The study area represents 
three catchments of the region, west of the town of Sze-
kszárd, which is the regional center. The size of the stud-
ied catchments is increasing towards south and their total 
area is 11.7 km
2
. The highest point of the study area is 
located on the south-east divide of the area (285.9 m asl), 
the mean height is 145 m asl The relative relief of the 
area is 120-150 m/km
2
. The studied catchments are 
opened towards east, the tributaries are perpendicular to 
the main streams (Fig. 2). 
The main features of the landscape were formed 
during the Pleistocene, when thick 40-50 m loess and 
loessy materials were deposited (Marosi 1990). In the 
Middle Pleistocene the area was elevated between fault-
lines. A steep scarp developed on the eastern edge of the 
studied catchments separating them from the sinking 
plain (Ádám 1969). Valley incision started due to the 
pronounced relief differences along the tectonic fault. In 
the catchments the slopes are asymmetric as slopes with 
Southern exposure are longer. This asymmetry partially 
can be explained by tectonism, but also by Pleistocene 
solifluction and Holocene fluvial erosion (Ádám 1964). 
The bottom of the valleys are wide (Fig. 2), due to the 
intensive accumulation of the eroded sediment and prob-
able due to human impact (Pécsi 1981). 
The average mean temperature of the study area is 
10.2-10.5 °C. The annual mean precipitation is 650 mm, 
and because of the continental climatic trends most of it 
(380-400 mm) falls at summer. This is important in relief 
development, as heavy summer rainfalls have greater 
effect on surface erosion (Kerényi 1991, Pinczés 1980).  
The original vegetation was oak, ash and elm for-
ests (Querco-Ulmetum, Convallario-Quercetum), but it 
 
Fig. 1 Location of the study area 
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was cleared since the Middle Ages, therefore nowadays 
only 28 % of the area is forested. Fragments of natural 
vegetation can be found in the bottom of the narrow 
valleys and ravines. The forests were replaced by agri-
cultural fields, especially vineyards. Most of the area is 
covered by brown forest and forest-steppe soils, though 
they are strongly eroded especially under vineyards 
(Pécsi 1981). 
HISTORY OF VINICULTURE OF THE STUDY 
AREA 
The production of vine in the western part of Hungary 
dates back to the Roman Ages (Balassa 
1982).Viniculture was already introduced in the Sze-
kszárd Hills during the reign of Emperor Probus (4
th
 c. 
AD), when not only legionnaires (Syrians) and the set-
tled veterans cultivated vineyards here, but also the local 
Paleochristians and Celts (Töttős 2008).  
The exact history of the viniculture in the Middle 
Ages is not known. In the 12-13
th
 centuries Vallons and 
Serbians fleeing from the Ottomans and Germans from 
the West Europe also played important role in enriching 
the traditions of the Hungarian vine production. By the 
13
th
 century about 3-5 % of the area of the country was 
covered by vineyards, and this ratio (or may be even 
greater) probably was also characteristic in Szekszárd 
(Kaczián 2004). 
During the Ottoman-Hungarian wars (16-17
th
 c.) the 
vineyard area of Szekszárd – unlike the others in Hunga-
ry – remained almost unharmed, its prized vines were 
drank by the Osmans too, despite of the prohibition of 
the Coran. The vine became a precious product of the 
town being its main income. In 1728 the total area of 
vineyards was 78 ha and by 1769 it increased to 350 ha. 
The vine became a premise of prosperity to the town, as 
before the river regulation works the floods of the Dan-
ube and Sárvíz Rivers often ruined the plough fields on 
the plain. In these years the trade of vine made possible 
to buy the needed cereals (Kaczián 2004). 
In the end of the 19
th
 c. the vineyards of Hungary 
were seriously damaged by the contagion of grape phyl-
loxera. The damage was especially great on vineyards, 
where the soil was not loose, so on loess and rhyolite 
tuff, though the pest caused less damage on sandy soils. 
Therefore, after the phylloxera pest the vine producing 
regions were rearranged: originally only ca. 14 % of 
vineyards were located on sandy areas, but after 1890 it 
increased to 59 % and many of the traditional vine pro-
ducing areas were abandoned (Balassa 1982).  In the 
vineyards of Szekszárd the harm was made in vine quali-
ty but not in quantity. Here, by 1910 as a result of the re-
plantation campaign the total area of the vineyards in-
creased by 25 %.  In the 1960’s new grape species and 
machinery were introduced to serve the demands of mass 
vine production. The steeper areas were not cultivable by 
machines, therefore the vineyards were relocated at the 
foothills and larger terraces were formed. As the territory 
 
Fig. 2 3D-view of the sub-catchments 
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of foothills is limited, the new plantations occupied the 
less sunny northern and western slopes. Besides deep 
bank-in roads were covered by concrete making the 
transportation easier. This promotes suburbanization, 
which also has an unfavourable effect: houses and other 
infrastructural objects were built on vineyards, therefore 
the traditional landscape altered decreasing the esthetical 
and traditional value of the vineyard region (Máté 2001). 
EFFECTS OF VINICULTURE ON RELIEF DE-
VELOPMENT 
Vineyards were traditionally hoed twice a year, but from 
the 19
th
 c. grape rows were hoed three times a year to 
improve the quality of the vine. At the same time ridges 
were formed between the rows and the trenches under 
them to collect the summer precipitation for the plants 
(Balassa 1982). As the grape rows run perpendicularly to 
the contour-lines, these small artificial trenches had 
increased the run-off considerably, accelerating linear 
soil erosion (Kerényi 1991). The trenches were buried 
after the harvest to protect the roots from frost, therefore 
their effect on enchanting erosion was pronounced right 
in the stormy summer season. In the vineyards soil ero-
sion was so intensive, that for example in 1961 the 
streets of Szekszárd were buried under 25,000 m
3
 mud 
eroded from the vineyard hills during a heavy summer 
storm (Pataki 1961). 
In the course of intensive cultivation the dirt roads 
were used frequently. Under the vehicles the loess lost 
its original structure and the weathered material was 
eroded down slope. In this way bank-in roads were de-
veloped along the transportation routes. These bank-in 
roads are usually 5-6 m deep, but some incised up to 10-
12 m depth depending on the frequency of use. In some 
cases they transformed into 20-25 m deep ravines, thus 
they do not function as roads any more (Ádám 1964). 
The bank-in roads are about 1-4 m wide depending on 
the size and type of the transport vehicles, and they are 
broadening due to lateral erosion. 
On the steep slopes terraces were created to support 
viniculture (Marosi 1990). The territory, elevation and 
the morphology of the walls of the terraces is quite di-
verse: near to the town the terraces are smaller and high-
er as they occupy quite steep slopes, whilst the further 
vineries are on lower terraces with larger area and less 
steep slopes. The walls of these terraces ranges between 
1 and 4 m, they are usually very steep. The larger terrac-
es are cultivated using heavy machines, here the soil is 
compressed decreasing its infiltration capacity, therefore 
runoff and erosion is more intensive on the lower areas 
than on higher and smaller terraces (Pataki 1961). 
METHODS 
Since the aim of the study is to evaluate effect of 
agriculture on relief development on a larger area (11.7 
km
2
) GIS tools were applied. In order to determinate the 
amount of eroded material the volume of the present day 
and the potential relief was calculated. The volume of 
the present day surface was calculated for each sub-
catchments, and it was defined as the volume between 
the present day surface and the base level surface was 
drawn at the height of the outlet of the sub-stream. The 
volume of the potential relief was defined as the volume 
between the imaginary flat surface between the points of 
the opposite divides and the base level. The amount of 
net erosion was calculated by substructing the volume of 
the present day relief from the volume of the potential 
relief. Some slopes of the main streams drain the run-off 
directly into the main stream, and these areas were not 
considered during the study (i.e. valley slope between b-
c sub-catchments of No.2. catchment (Fig. 1). 
To perform the measurements the digital elevation 
model (DEM) of the area was created. The basis of this 
DEM was 1:10000 scale topographic contour maps in 
EOV projection system (EOV – National Standardized 
Projection System of Hungary). The DEM was created 
as a raster feature under ArcGIS 9.3, applying the topo to 
raster option with a resolution of 2 m. The sub-
catchments were generated as polygons, separated from 
each other along their divides. In order to measure ero-
sion a new TIN elevation models were created for each 
sub-catchment, where the potential surface was created 
by segments connecting the top of the divides (Fig. 3). 
Then from these TINs a raster DEM representing the 
potential surface was created for each sub-catchments. 
Using the potential and the present day surfaces the 
software can calculate the volume differences (net ero-
sion) using cut/fill option.  
The longitudinal profiles of the valley floors and 
divides were performed by interpolate line function. The 
profiles were compared based on their concavity index 
defined by Langbein. Concavity was calculated as it 








where C is concavity, A is the elevation difference be-
tween the mid-point of the profile and the middle of the 
line aligned to the end points of the profile, and H is the 
total height difference of the profile. 
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RESULTS AND DISCUSSION 
1. Longitudinal profiles of the valleys and divides 
The main valleys run from west to east, therefore the 
longitudinal profiles of their tributaries show typical 
trends based on the exposure.  The tributaries with 
southern exposure have concave profiles. The concavity 
indices of these valleys fall between 0.0 and 0.34. The 
greatest values were measured in the easternmost tribu-
taries near to the outlet of the main valley. The concavity 
index of the tributaries exposed to south decreased to-
wards west, as the westernmost valley has a value of 0.0 
suggesting that the valley floor is almost straight. In 
contrary, the tributaries exposed to north has smaller 
concavity index, as it varies between -0.35 and 0.25, 
negative values mean that the longitudinal profile of a 
valley is convex (Fig. 4). The differences between the 
valleys suggest that fluvial erosion dominates in the 
valleys exposed to south, while in valleys exposed to 
north the convex longitudinal profiles indicate the domi-
nance of derasional processes (as freeze and thaw activi-
ty). 
There is also difference in the longitudinal profiles 
of the divides. The divides with northern exposure have 
smooth curves, whilst the southern exposure divides are 
less steep, but they characterised by several breaks in 
their longitudinal profiles. These brakes and steps show 
the location and extension of the artificial terraces carved 
into the loess ridges. Some divides are gently terraced 
(see bc profile on Fig. 4B), while others has huge terrac-
es, especially near the outlet of the main stream (see ab 
or cd profiles on Fig. 4B). These altered longitudinal 
profiles suggest huge artificial material transport on 
slopes with southern exposure. 
2. Amount of net erosion  
The construction of potential surface enabled to calculate 
the amount of net erosion (%) of each sub-catchment. The 
catchments exposed to south are much more eroded (min: 
7.5 and max: 30.3 %), than the sub-catchments on the 
opposite side (min: 1.0 and max: 22.1 %). However, the 
mean values of southern exposure sub-catchments are 
larger (18.6-25.8 %) in all the three catchments. The most 
 
Fig. 3 Present-day and potential relief of a sub-catchment 
     
Fig. 4 Longitudinal profiles of the valley floors (A) and the intercollin ridges (B) in case of No.1. catchment (black lines: southern 
exposure; grey lines: northern exposure) 
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incised valleys and the most eroded surfaces (net erosion: 
23.4-30.3 %) are located in the north-west part of the 
southern catchment. These tributaries have the largest 
area, suggesting that there is a positive connection be-
tween the net erosion and the size of the sub-catchment. 
However, but there are several smaller sub-catchments 
with similar amount of erosion (e.g. 1/c: 17.5 %; 2/a: 24.4 
%) indicating that there is no close connection between 
the size of the valley and the amount of erosion. 
However, there is an increasing trend of the amount 
of erosion from east to west (from the valley-mouth to 
the upper part of the main catchment) on both sides of 
the main valleys, suggesting more intensive erosion of 
the interior sub-catchments. However, it opposes the 
general surface-development model, where headward 
erosion proceeds from the mouth of a catchment to its 
highest parts, therefore, the net erosion of the upper parts 
(interior) of the catchments is lower. However, this 
statement is valid just in the first stages of the surface 
dissection (juvenile state), when the ridges have not been 
eroded yet. By the progress of the surface development 
(mature state) the ridges and divides will also erode and 
they become lower by some kind of slope development 
(i.e. Davisian slope-decline or Penk’s slope-replace-
ment). Therefore the divides of sub-catchments closer to 
the mouth of the main watershed are eroded longer, 
therefore in greater degree than the ones in the upper part 
of the catchment. The studied catchments are in this 
phase of the development, as the divides on the eastern 
(outlet) part of the catchment are lower by 30-40 m than 
the inner ones (Fig. 4B). Therefore, it must be consid-
ered as natural feature that the valleys in the interior of 
the watersheds seems to be more eroded, because the 
ridges at the edge of the hills had already suffered ero-
sion. Hence, the calculated net erosion is strongly under-
estimated, especially in tributary catchments near the 
mouth of the main stream. 
As it was mentioned above, the amount of net ero-
sion is increasing towards west. However, some sub-
catchments do not fit into this trend (Fig. 5), as over-par 
erosion (14.8-24.4 %) was measured in some cases on 
slopes with southern exposure near the catchments 
mouth, near the town (e.g. 1/a-b-c or 2/a). Therefore, 
here the surplus-erosion can be explained by concentrat-
ed anthropogenic impact, as longer history of cultivation, 
thus longer accelerated soil erosion (Table 1). 
 
Fig. 5 Calculated net-erosion of the sub-catchments. (The main catchments are numbered 1-3, the sub-catchments are labelled a-q 
counter-clockwise)  
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The evidence on intensive erosion close to Sze-
kszárd has been confirmed by field work. Some of the 
bank-in roads run on divides, cut 2-3 m deep into the 
surface serve as good examples on rapid erosion and fast 
divide erosion. In some cases the back-wall of terraces 
carved into the slope almost reaches the walls of the 
bank-in roads, and there is only about a 0.5-1 m thick 
loess edge left (Fig 6). In other cases these narrow loess 





























1A 215228 117.1 13 970 734 2 060 809 14.8 
18.6 
1B 223728 126.4 13 274 964 2 052 116 15.5 
 1C 253120 129.8 18 714 351 4 572 060 24.4 
 1D 115612 129.8 7 056 410 912 091 12.9 
 1E 182108 138.5 12 397 993 1 914 608 15.4 
 1H 164828 155.1 12 332 149 2 766 586 22.4 







1J 208492 170 13 108 539 1 862 993 14.2 
12.9 
 1K 93056 170.3 4 589 618 613 494 13.4 
 1L 36076 166.8 1 414 534 77 750 5.5 
 1M 34216 165.8 1 345 001 61 617 4.6 
 1N 108380 139.3 6 804 375 918 877 13.5 








2A 295580 126 18 697 600 3 264 944 17.5 
15.7 
2B 106864 128.9 5 416 098 406 894 7.5 
 2C 188308 139.4 13 184 667 1 587 495 12 
 2D 128520 159 7 648 957 1 129 323 14.8 
 2E 210060 166 15 264 293 3 452 949 22.6 
 2F 113720 166 7 520 924 1 154 506 15.4 







2H 153364 178.6 9 718 391 1 000 912 10.3 
7.5 
 2I 91592 178.6 5 519 206 530 701 9.6 
 2J 127168 165.4 7 731 536 772 465 10 
 2K 109380 153.5 5 080 230 467 311 9.2 
 2L 64524 154 2 355 509 24 510 1 
 2M 92456 135.5 4 709 677 253 505 5.4 
 2N 171736 134.9 10 653 162 320 281 3 
 2O 80416 137.1 5 776 133 268 102 4.6 
 2P 120408 136.3 7 901 118 178 596 2.3 








3A 51020 110.2 1 583 665 128 675 8.1 
25.8 
3B 326412 115 22 152 245 4 172 991 18.8 
 3C 219560 118.5 13 351 380 1 573 724 11.8 
 3D 938212 116.1 84 635 592 22 580 641 26.7 
 3E 1275716 120.3 
119 495 
600 36 185 369 30.3 
 3F 1253228 128.8 
129 301 
639 33 722 601 26.1 
 3G 1172324 128.8 
109 324 







3H 778828 127.5 71 325 942 15 766 935 22.1 
17.6 
 3I 289448 127.5 18 994 362 1 732 918 9.1 
 3J 365384 127.5 28 313 881 5 550 291 19.6 
 3K 285168 114.2 20 389 781 2 218 838 10.9 
 3L 256724 113 17 548 181 2 310 230 13.2 
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walls have already been cut off, and the originally deep 
bank-in roads are relatively raised over the terraces, 
bordered with 1-2 m high strip wall. These examples 
show that surface erosion due to recent anthropogenic 
terrace formation is so high that the ridges erode and 
lower quite rapidly. It also support the idea, that the net 
erosion measured by GIS method is lower than the real 
erosion, as the recent divides under human impact are at 
least few meters lower than the possible natural surface, 
so the real volume of erosion can be much higher than 
the measured. 
CONCLUSION 
In the study area viniculture has a long history. On 
slopes exposed to south and close to the town it probably 
had begun earlier, therefore runoff accelerated and linear 
erosion became dominant. Therefore, here the valleys 
have concave longitudinal profile, and the divides be-
tween the sub-catchments are also more eroded and large 
terraces dissect them.  Valleys with northern exposure 
probably were cultivated less intensively and the vine-
yards are probably younger, therefore valley develop-
ment was significantly slower and the slopes suffered 
less erosion. The GIS analyses showed that catchment 
with southern exposure are eroded most intensively (net 
erosion 15-25 %), as they lost 8 % more material than of 
the catchment with northern exposure (net erosion 7-17 
%). Sub-catchments closer to the town of Szekszárd 
have greater amount of erosion, as it is shown by the 
high erosional values not fitting into the trend of natural 
surface dissection. Besides, near to Szekszárd the divides 
have already been eroded, therefore the results of the 
calculations are under estimated. Since there is no possi-
bility to reconstruct the real original relief no more pre-
cise data can be obtained on the volume of net erosion. 
To solve the problem we plan to calculate the volume of 
deposited material in the form of alluvial fans and to date 
the deposit by absolute dating methods (OSL) to deter-
mine the age of the deposited material and the rate and 
periods of erosions. 
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Abstract 
The objectives of this paper are (1) to reconstruct time series of the 
historical and current landscape structures based on historical docu-
ments and serial cadastral maps, (2) to analyse the changes of agricul-
tural production function by the application of historical soil assess-
ments and (3) to analyse the connections between landscape structure 
and production function in reference to the social and economic driving 
forces. 
The case study area is today an intensively-used agricultural landscape 
located nearby Taucha-Eilenburg (NW-Saxony), Germany. Arable 
landscapes in Germany are changing with increasing dynamics: valua-
ble structures and landscape functions of the traditional and multifunc-
tional landscape were lost. New landscape structures replaced the 
traditional ones slowly or sometimes also in short time steps. There-
fore, this paper focuses on the changes of landscape structures and that 
of the soil production function induced by land use since the 18th 
century. The changes are analysed on the basis of historical and serial 
cadastral maps and documents by covering four time steps from 1750 
to 2005. The historical maps were scanned, geo-referenced and digital-
ised in GIS. Thus, quantitative analysis of landscape structure changes 
on parcel level is enabled. The production function is explicitly recon-
structed on the basis of the Prussian Taxation of the real estate of 1864 
(Preußische Grundsteuerbonitierung) and The German Soil Taxation 
(Reichsbodenschätzung) of 1937.  
Changes observed on the serial cadastral maps were linked with the 
social and economical driving forces and the soil production function. 
Moreover, there is a high demand for the development of methodolo-
gies to analyse and to assess time series of landscape structures, land 
use and landscape functions in the historical context of landscape 
development. 
Keywords: landscape dynamics, landscape structure, produc-
tion functions, soil assessment, GIS 
1. INTRODUCTION 
From the end of the 18th century, social and economic 
changes had considerable influence on the landscape 
structure and the soil production function in Europe. 
Furthermore, land use changes result in less diverse 
landscapes and the degradation of landscape functions 
(Antrop 2000). The long term process of structural 
changes leads to changes in usability of the landscape. 
Landscape dynamics is intensively induced by natu-
ral and anthropogenic processes. Landscape dynamics is 
defined as the changes of structure and function of a 
landscape that caused and steered by “driving forces”. 
“Driving forces” are the whole of factors that influenced 
the development of landscape (Bürgi et al. 2004). In case 
of the present study area anthropogenic processes are the 
main drivers of landscape dynamics. 
Bastian and Bernhardt (1993), and Bernhardt and 
Jäger (1985) reflect the anthropogenic impacts on land-
scapes in the investigated area in four time periods. The 
increasing impact of man on the landscape is described 
as nearly logarithmic in the following main periods: the 
Neolithic revolution, the land use expansion in the Mid-
dle Ages, the Industrialisation (19th century) and the 
scientific and technical era (since 1960). 
The landscape dynamics in historical time steps in 
the study area is discussed in this paper in the context of 
a today intensively-used agricultural region (Krönert 
1996). The aim is to support decision making for land-
scape and land use planning for a sustainable develop-
ment in the future (Antrop 2005, Bastian – Schreiber 
1999, Bender 1994, Egli 1991, Fehn 1986, Marcucci 
2000). Bastian (1987) and Bastian et al. (2002) stress the 
importance of the analysis of (historical) landscape dy-
namics to recognize negative landscape changes as soon 
as possible. Furthermore, the documentation of historical 
economic time steps and the knowledge about recent 
cultural landscapes are important for the protection and 
the sustainable use of cultural heritage. In Germany, 
similar to other European countries, the environmental 
law leads by several articles and political guidelines to 
the protection of cultural heritage (e.g. Nature Conserva-
tion Act, Environmental Impact Assessment Act). The 
European Landscape Convention stresses the importance 
of the cultural dimension of landscape. Moreover, long-
term monitoring of landscape allows conclusions about 
the effectiveness of economic and political guidelines on 
a European level (e.g. on the Natura 2000 network, 
Common Agricultural Policy). 
Landscape functions are defined as the goods and 
services from nature that provided by land use for human 
being (Bastian – Schreiber 1999: 38, De Groot 1992, De 
Groot et at. 2002). Landscape functions can be catego-
rised into four main groups: production functions, regu-
lation functions, carrier functions and information func-
tions (De Groot 1992: 13). Production functions in the 
focus of this study are economic functions describing the 
availability of renewable resources. It includes the pro-
duction of vegetable as well as animal biomass (agricul-
tural land, grassland, timber etc.), and water (drinking 
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water, groundwater) (Bastian – Schreiber 1999: 39f). 
These productions functions are strongly related to the 
site conditions of arable lands and grasslands (as a func-
tion of climate, geology, slope, soil, water, the cultural 
technological history and the land use system). Soils are 
also interpreted as the archive of historical impacts and 
results of the land use. 
The use of time series based on historical maps and 
land registers combined with historical documents is a 
common scientific method for the analysis of landscape 
dynamics and has proven to be very useful (Bender et al. 
2005, Haase et al. 2007, Ihse 1996). The study of land 
use changes and the quantitative analysis of time steps 
and time series are used to demonstrate how land use 
changes have influenced landscape structures and land-
scape functions in historical times. Therefore, we ask 
how landscape structure has changed in the study area 
and what have been the main historic “driving forces” of 
the landscape dynamics observed? The other main ques-
tion is how landscape dynamics has influenced the tem-
poral changes of production function? Subject, is the 
changing potential to biomass production by agricultural 
land use. Soil as the basis of agricultural land use is 
evaluated in regard to the natural production by using of 
different governmental soil taxation results. The feed-
back of the soil as an archive to land use changes refer to 
the use of the (several) landscape functions (Bork et al. 
1998). These historic soil changes should be used in 
future landscape planning (Beierkuhnlein 2002). 
The relation between landscape dynamics and pro-
duction function will be discussed. As a conclusion, an 
overview is provided about the current and future values 
of historical landscape analysis.  
 
Fig. 1 The study area (Source: Mannsfeld – Richter 1995) 
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2. RESULTS 
2.1. Investigated Area and Data  
The study area (Fig. 1) is located in the northeast of 
Leipzig in NW-Saxony, Germany, as a part of the mu-
nicipal region of Jesewitz. The borders of the area are 
determined by the borders of the municipalities Jesewitz, 
Pehritzsch, Weltewitz and Wöllmen named in cadastral 
maps as “Gemarkungen”. The study area is part of the 
natural region of the Leipziger Land. The area is charac-
terized by precipitations between 550-600 mm/a and the 
average year temperature of 8.5 °C (Mannsfeld – Richter 
1995). 
Historical topographic maps provide a suitable car-
tographic database for the reconstruction of landscape 
structures. The present investigation is based on histori-
cal documents (landscape descriptions, local chronicles) 
and serial cadastral maps and data sheets from the 18th 
century and to the beginning of the 19th century (Table 
1). Geographical information system (GIS) was applied 
to analyse data and to visualise the results in maps. The 
quantitative analysis with GIS needs first an examination 
to determine congruence and comparability between 
historical and modern maps (Bender et al. 2005, Neubert 
– Walz 2002, Walz et al. 2004). In this investigation 
maps of different scales and diverse content in geometry 
and legends are used. The “Sächsische Meilenblätter” 
(‘Saxonian mile maps’) and the serial cadastral maps up 
to the time step of 1850 have been parallelised and 
adopted. Thus, for oldest time step (1750) analysed in 
this study the geometry from the cadastral maps from 
time step of 1850 was used.  
The historical cadastral maps for time step 1850 
were scanned, geo-referenced and digitalized on screen 
by using the GIS-programme ArcGIS9. The information 
of the cadastral registers was adopted into attribute tables 
to generate a spatial explicit data set at ownership allot-
ment level. The information of “Saxonian mile maps” 
was overlaid by vector data of the time step of 1850. The 
data set and the attribute tables were adapted to the con-
tent of “Saxonian mile maps”; and other information of 
historical documents and regional maps information was 
added. 
For the time steps 1950 and 2005 the vector data of 
the digital governmental cadastral map of ownership 
plots (Automatisierte Liegenschaftskarte, ALK) were 
used. The data set for time step of 2005 have been inte-
grated and revised by the author by field survey mapping 
in the year of 2005. The data set of the time step 1950 
was adopted to the content of cadastral registers, survey 
maps; information has been added by the interpretation 
of aerial photographs of the year 1959. 
The development of field management practices 
since the 18th century in the study area is described for 
the assessment of production function. Two soil assess-
ment maps (1937 and 1864), originally produced for 
Table 1 Input data and data origin of the four time steps 1750, 1850, 1950 and 2005 






Sächsische Meilenblätter (1780-1811), Dresdner Aus-
gabe, Bl. 21/30 
1:12 000 Hauptstaatsarchiv Dresden 
Petrikarten (ca.1760), Bl. 1-2 1:33 000 Institut für Länderkunde, Leipzig 
Atlas Augusteus (1722-1742), Bl. 21 not known Staatsarchiv Leipzig 
Schumannsches Lexikon 1813(+)   Institut für Länderkunde, Leipzig  




Geometries :Urkatasterkarten (1864) 1:2500/1:3000 Staatliches Vermessungsamt Torgau 
Separationskarten (1810-1840)  1:2500/1:3000 
Landesarchiv Wernigerode/ Staatliches Ver-
messungsamt Torgau 





Liegenschaftskataster 1:2500 Staatliches Vermessungsamt Torgau 
Luftbilder (1959), 159/59/111-116 1:12 400 Militärarchiv Potsdam 
Messtischblatt 1905-1912 (2609) 1:25 000 Institut für Länderkunde, Leipzig 
Geometries: Automatisiert Liegenschaftskarte (ALK)  Staatliches Vermessungsamt Torgau 
2005 
  
Geometries: ALK 1:1000 Staatliches Vermessungsamt Torgau 
Own investigation     
    Note: In Cursive: Data source of the geometry for the time series. 
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land taxation purposes, have been digitalized for the 
analysis of changes in natural soil productivity. The data 
sets were overlaid to the data layers described above in 
the GIS. Thus, a spatial explicit and quantitative analysis 
and comparison were enabled. 
The German Soil Inventory (1937) is available and 
documented for all agricultural and horticultural land in 
Germany. Sample points of this inventory are fixed in 
the soil inventory maps and detail described in inventory 
books (Schätzungsbücher). Today these data are stored 
and managed by the German local financial authorities. 
The data used in this case study is available from finan-
cial authority of Eilenburg, NW-Saxony. 
2.2. Time steps of land use development 
The land use categories applied for the comparison of 
the four historical time steps are arable land, grassland, 
forest, water bodies, settlement areas, and other land 
uses. Furthermore, also the changes of the road network 
have been analysed (Fig. 2). 
Before the Prussian agricultural reforms 
The hilly landscape of the study area was formed by 
glacial and periglacial landscape development since the 
Saale glacial period. Predominantly aeolian sediments of 
the earlier Weichselian glacial period overlay sandy 
loess of periglacial origin by an average sediment layer 
of one meter. The sandy loess is the basis substrate for 
soil development. Main soil types in the heterogeneous 
study area are lessivé and brown soils of medium suita-
bility for agricultural production (Meyer 1997). 
After the Weichselian glacial period and several 
fluctuations including colder and warmer periods the 
study region was occupied by a more or less widespread 
forest of beech trees (Fagus sylvatica) and oak trees 
(Quercus). The first settlement activities in the study 
area are assumed for the Palaeolithic time (Dunkel 1969, 
1977, Hanitzsch 1956, 1962, Moschkau 1957, Töpfer 
1958). Lüning (1997) proved that settlements since the 
Neolithic time are stable according their site location. 
At the end of the medieval period to the beginning 
of modern times (1500-1800 AD) the land use structure 
and the distribution of land use types were relatively 
stable (Blaschke 1995). In the study area of a size of 
roughly 2.639 ha agricultural land still dominated in the 
time step 1750 by 1.938 ha or 73.4% of the total area. 
Grassland covered 583 ha or 22.1% of the area. The 
other land use types are not of high significance by a 
percentage of 2.2% of forest, 1.1% of water bodies and 
1.1% of settlement areas. The road network has been 
constructed since the medieval period of land colonisa-
tion with a length of approximately 34.1 m/ha (Table 2). 
Separation – Changes in landscape structures 
In the 19th century political, social and economic influ-
ences particularly changed the landscape structure 
(Rakow 2002). After the end of the Napoleon era and the 
Wiener Congress (1815) the study area became a part of 
the Prussian kingdom. Induced by the Napoleon wars, 
Prussia had an economic crisis at this time. During the 
reformation of Prussian agricultural management sys-
tems (1807-1850) a new land ownership allocation and 
land use distribution (so-called “Separation”) emerged. 
The comparison of the time steps 1750 and 1850 re-
sults an increasing percentage of arable land from 73.4% 
to 86.0% in the area studied. Grassland decreased of 
roundly 43% of the origin level. No dramatic changes 
occurred in the other land use types. Forest and settle-
ment area increased slightly, water bodies decreased 
slightly and land use type “others” remained at the same 
level. The road network increased from 34.1 m/ha to 
35.8 m/ha (Table 2). 
After the Second World War in the middle of the 20th 
century the social and political situation changed dramat-
ically. The land management practices have been mutat-
ed to the socialist planning regime of the German Demo-
cratic Republic (GDR) by following the Russian Soviet 
example. This organisation led to landscape structural 
changes with high impacts, for example, on flora and 
fauna water, soil, recreation or on the production poten-
tial of the landscape. Traditional and diverse land use 
practices have been replaced by a new form of agricul-
ture based on the intensive use of machinery and the 
increasing input of fertilisers (Baessler – Klotz 2006). 




Land use type 
Arable land Grassland Forest Water bodies Settlement area  Other Road 
  ha % ha % ha % ha % ha % ha % m/ha 
1750 1938.0 73.4 582.8 22.1 60.9 2.2 24.7 1.1 29.5 1.1 3.7 0.1 34.1 
1850 2270.1 86.0 249.2 9.4 60.3 2.3 24.1 0.9 32.1 1.3 3.7 0.1 35.8 
1950 2316.5 88.7 141.4 5.1 70.6 2.7 20.1 0.8 55.2 2.1 14.6 0.6 36.4 
2005 2297.0 87.2 110.0 4.2 70.5 2.7 20.1 0.8 106.4 4.0 30.4 1.1 28.7 
 





Fig. 2 Landscape dynamics in the four time steps 1750, 1850, 1950 and 2005 
(digitalisation and processing have been carried out by the authors) 
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Landscape changes since the middle of the 20th 
century 
Two main steps of land transformation can be ob-
served. In the first period until the 1950th grassland 
decreased with roundly 43%, and the arable land in-
creased around 2% (1850=100%). At the same time, 
there was no significant change in the percentage of 
forest and water bodies. The settlement area increased 
with 72%. Slight changes in the road network can be as 
well detected. However, the extensive management prac-
tices with multiple crop rotations and a lower level of 
techniques and fertilizer promoted a high biodiversity 
after the Second World War until 1960 (Baessler – Klotz 
2006). 
The second time step of 2005 shows that arable land 
has nearly the same amount as in the 1950th. Neverthe-
less, grassland still decreased with 22% in comparison 
with the earlier time period. The intensification of agri-
culture by changing the landscape structure into very 
large-sized fields, the melioration, the irrigation and the 
application of pesticides and fertilisers have steered 
increases in food production over the past 50 years (Mat-
son et al. 1997). The road network was accommodated to 
the technical field management practices and decreased 
from 36.4 m/ha to 28.7 m/ha. Since 1990 the total 
amount of land that used for agriculture is declining 
because of the impacts of the common agricultural poli-
cy of the European Union by the promotion of set aside, 
and also due to market changes. Additionally, intensive 
settlement activities of the urban sprawl of the city of 
Leipzig have been observed since 1991. Thus, settlement 
area increased from 55.2 ha to 106.4 ha, complies round-
ly 93%. The percentage of forest and water bodies re-
mained on the same level. The decrease of land use type 
“others” since time step 1850 has been effected by the 
exploitation of sand and gravel (Table 2). 
2.3. Comparison of the soil assessments of 1864 
and 1937 
In the middle of the 19th century the first soil assessment 
was executed in Prussia by the order of the Prussian Law 
of real estate tax (“Preußisches Grundsteuergesetz”) 
from the 21st of May in 1861. The Prussian Taxation of 
real estate was based on soil attributes and economic 
values. The Prussian taxation is distinguished in eight 
classes (Fig. 3). The first class indicates soils with very 
good production services; class eight indicates soils with 
least production services. The high of classification tar-
iffs (“Klassifikationstarife”) for the eight several classes 
and various land use types (e.g. agricultural land, grass-
land) were determined by the local market situations 
(Fig. 3, shown in elapse). Thus, soils assessed in the first 
class have the highest tariffs and so on. The classes de-
scribed the quality of natural soil fertility depend only on 
the natural soil attributes (without economic values). The 
Prussian Taxation of real estate was introduced in the 
study area around 1864. Similarly, the sample points of 
this assessment have been extrapolated to the allotment 
level located in the cadastral maps of the year 1864. 
These maps also contain other soil parameters. The as-
sessment level of natural productivity is classified in 8 
levels of scoring. The soils evaluated into level 1 are of 
the highest natural productivity. For more details about 
the Prussian Law of real estate tax and their execution 
see Amend (1997). 
In the study area the German Soil Inventory was in-
troduced in the year 1937, according to the Law from 
1934 (Bodenschätzungsgesetz). The German Soil Inven-
tory database describes various soil parameters down to 
1m depth. Furthermore, there is also data on the geologi-
cal origin, humus content, soil texture and other parame-
ters (Syrbe et al. 2007). The database divides the soil 
parameters and aggregates these different aspects into a 
scoring-index between 0 and 100. Soils with the index of 
100 are of the highest natural productivity in Germany 
(e.g. Magdeburger Börde). For the comparison the soil 
numbers (soil numbers between 0-100; soil with soil 
number 100 have the most natural soil fertility) were 
used. The explicit description of the methodology of the 
soil assessment comparison is demonstrated by Baude 
and Meyer (2006). 
In Figure 4 the distribution of the Prussian soil as-
sessment in the study area is presented. The borders 
between the classes from classification tariffs of the 
 
Fig. 3 Classification tariffs for the study area (Source: Staatlich-
es Vermessungsamt Torgau) 
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Prussian Taxation were oriented according to the field 
borders on ownership allotment level. Within these fields 
plots of the same classification can be found. There is no 
specific exploitation raster. The Soil taxation correlated 
with the field on ownership allotment level. The Prussian 
Taxation shows the natural character of suitability for 
 
Fig. 4 Prussian soil assessment from 1864 (digitalisation and processing were carried out by the authors) 
 
Fig. 5 German Soil Inventory from 1937 (digitalisation and processing were carried out by the authors) 
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agricultural production, because melioration and fertili-
zation started later, with the industrialisation, after the 
Prussian Taxation. The differentiation in the map of the 
German Soil Inventory (in Fig. 5) is effected by the 
exploitation in raster 50x50 m. Furthermore, the extend-
ed soil exploitation distinguished 31 soil types with sev-
eral soil characteristics. Thus, the characterisation of the 
different soil characteristics is enabled. 
Although the approach used for the analysis of the 
German Soil Inventory (1937) has been adapted on the 
soil assessment of the year 1864, the different data sets 
cannot be compared without 1:1 GIS-adaptation (Freund 
1998). Thus, for the comparison of the two different soil 
assessments we applied a generalization of the data of 
German Soil Inventory. The differentiated data set of the 
German Soil Inventory (1937) were first summarized to 
five main groups according to the soil numbers and as-
signed to the “grouping of usability” 
(‘Nutzbarkeitsgruppen’) (Matz 1956). The grouping 
composited the soil number according to the soil type. In 
this case there are five groups of usability with the asso-
ciated soil numbers. Furthermore, the classification tar-
iffs were composite to five main groups according to the 
level of their taxation class and assigned to the “group-
ing of usability” as well (Table 3).  
This generalization provides a methodology to 
compare the two soil assessments based on a more sum-
marised character of the different data sets. The compar-
ison based on GIS-analysis of land which was used as 
arable land between the time periods 1850 and 2005. A 
quantities analyses of the changes of the soil characters 
between 1864 (Prussian Taxation) and 1937 (German 
Soil Inventory) is applied. Validity of results of the 
German Soil Inventory is applicable to describe the cur-
rent soil characters when the actual morphological dy-
namics are integrated (Finke 1994). 
The comparison permitted that 97.7% of the compa-
rable agricultural land can be ranged in five groups. 
Table 3 shows that the second group of usability domi-
nated in both soil assessments with 66.6% (GSI) respec-
tively with 83.72% (PT). In group 3 there are 22.9% 
(GSI) respectively 14.07% (PT) of comparable agricul-
tural land. Thus, a significant part of the agricultural land 
can be associated to the groups 2 and 3. The groups 1, 4 
and 5 are without a higher importance for the soil as-
sessments and described 10.5% (GSI) respectively 
2.21% (PT) of the comparable agricultural land. 
3. DISCUSSION 
3.1. Interpretation of historic maps and soil taxa-
tion  
The spatial explicit mapping of landscape structural 
changes is accompanied with uncertainties concerning 
scales and contents of the information included. The 
landscape dynamics analysed in the time steps and the 
interpretation of their impacts on structure and function 
of recent landscapes should be seen on the background 
of historical data sets and maps.  
Historical landscape analyses on the basis of GIS 
data offer new views for the knowledge about dynamics, 
structure and functions of landscapes. Long time series 
permit landscape assessments of changes related to eco-
nomic, ecological and social aspects. With regard to their 
validity historical data sources must be critically 
checked. While the scale of the data set makes the exact 
reconstruction difficult, the knowledge about the land-
scape functioning in the past is very useful to understand 
recent processes of landscape changes. 
In our study, land use changes and the quantitative 
analysis of time steps are used to demonstrate how land 
use changes influenced landscape structures and land-
scape functions. Therefore, we ask how landscape struc-
ture has changed in the study area and what have been 
the main historic “driving forces” of the landscape dy-
namics observed? The other main question is how land-
scape dynamics has influenced the production function 
during time? 
Table 3 Comparison of German Soil Inventory (GSI) and Prussian Taxation of real estate (PT) 
  Soil number         Classification tariffs 
Grouping of usability IS/SL1 GSI in ha PT in ha GSI in % PT in % Arable land 
1 64-81(+) 85.8 43 4.09 2.05 1/2 
2 49-63 1395.7 1752.9 66.6 83.72 3/4 
3 36-48 480 294.6 22.9 14.07 5/6 
4 29-35 53.2 3.2 2.54 0.16 7 
5 (-)18-28 81.1 0.05 3.87 0 8 
 Sum 2095.8 2093.8 100 100  
1 Main soil type of  case study area     
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In the following chapter, we discuss shortly how the 
landscape has developed since the Neolithic. Starting 
with the beginning of the Prussian agricultural reforms 
we analysed four time steps in the context of the main 
drivers of landscape change. We proved two periods in 
change of the production functions in regard to the main 
driving forces.  
3.2. Land use changes in the context of driving 
forces 
The first permanent settlements of the study area in the 
Neolithic Revolution were accompanied by the first 
strong human influences of the landscape. During this 
period the cultural landscape usage began with common 
forest pasture and led to first deforestations. However, 
after this first deforestation began a reforestation period 
until the Slavic colonisation during the migration period 
in the 6th century (Gringmuth – Dallmer 1983, Bork et. 
al. 1998). Thus, the human impacts of Neolithic Revolu-
tion were without high importance. 
The first major landscape changes caused by the 
Slavic colonisation associated with population growth 
and an increase on cultural land use. After the begin-
nings of the colonisation by German settlers, the so 
called 'East expansion' in the 10th century, the popula-
tion grew up to decuple. The agricultural land increased 
in according to further land use practices to a first maxi-
mum in the 14th century. During the 'East expansion' the 
landscape structures changed dramatically. Until the end 
of the Middle Ages the indigenous forest area decreased 
by 90%. At that time arable land became the dominant 
land use type. Blaschke (1995) and Nitz (1995) proved 
that the distribution of land use types in the study area 
has not changed after the end of the Middle Ages. How-
ever, with the Prussian agricultural reforms the land-
scape structures changed again distinctly. 
Our spatial explicit analysis, starting in the middle 
of the 18th century, results that arable land increased 
significantly at the begin of the 19th century. Up to the 
middle of this century until today the land use type dis-
tribution was relatively stable, when compared with 
large land cover changes e.g. in Estonia (Mander – 
Palang 1994). The area of grasslands decreases in our 
investigation area continuously; forests and water bodies 
are normally stable, located on the same plots, the area 
for settlements increased slightly. The linear infrastruc-
ture changed with the Separation by the new property 
situation and the needs for new agricultural methods. 
The development in the 19th century coursed mainly by 
the Prussian agricultural revolution, when the economic 
situation after the Napoleon wars were disastrous and 
new field management and practices were needed. In the 
course of the “collectivisation” in the years between 
1950 and 1960 the linear infrastructure changed dramati-
cally, when several paths and country roads have been 
deteriorated and most of the field margins and hedges 
were destroyed to arrange the countryside in the of form 
of large field plots for mechanised crop production. 
Furthermore, another main development period was 
initiated by the GDR government to copy the Russian 
Kolkhoz system to Germany. The extension of mechani-
cal and chemical agricultural practices needed large field 
sizes and less linear infrastructure inside the fields. The 
heterogeneous agricultural landscape, structured until the 
1960s, has been diverted into a homogeneous and inten-
sively-used mono-functional agricultural landscape 
without clear cultural orientation and coupling the for-
mally agricultural villages. 
 The development of land use types depends on 
several driving forces: In the past natural hazards such as 
extreme weather and intensive rains with high impact on 
the landscape have changed the land use (Bork et al. 
1998). Furthermore, landscape structure changes were 
influenced by social and political events like medieval 
diseases, wars (Thirty Years' War, 1st and 2nd World 
War) and economic crisis (e.g. the agricultural crises at 
the beginning of 19th century, the collapse of agriculture 
after World War 2). There are several public refor-
mations such as the Prussian agricultural revolution in 
the 19th century or the planning economy of former 
German Democratic Republic which have also influ-
enced the development. Today EU-norms and regula-
tions steer the development of landscape structures, i.e. 
by the Common Agricultural Policy, the Habitats Di-
rective and NATURA 2000 network. 
3.3. Soil productivity changes - Knowledge for sus-
tainable land use 
The production function in the study area is mainly char-
acterised by the agrarian productivity. Thus, this agrarian 
productivity depends on natural soil productivity in addi-
tion to the soil characteristics.  
In the period between the Slavic colonisation and 
the beginning of the Prussian agricultural revolution and 
the industrialisation in the second half of 19th century 
the agrarian productivity depended mainly on the expan-
sion of agricultural land. The expansion of agricultural 
land came to an upper limit when the best lands were 
cultivated (Mottek 1987). 
To the beginning of the Prussian agricultural revo-
lution the growth of production function is also steered 
by the expansion of agricultural land use. The maximum 
of agricultural land is achieved. The beginning of the 
industrialisation defined that the growth of agrarian 
productivity based as of now on new technical achieve-
20 Baude, M. - Meyer, B. C. JOEG III/1-4 
 
ments, modern management practices and the expansion 
of new mineral fertilizer (Müller 1998). 
The intensity of agrarian productivity became a new 
dimension after the “collectivisation” around the 1960th. 
The new farm management system with large field sizes 
and technical field management practices, and also the 
intensive melioration of water households lead to a sig-
nificant growth of production. Jäger (1987) proved that 
the main growth of production function was between 
1950 and 1980. Körschens et al. (1994) identified in 
according to Jäger (1987) an increase of grain production 
with 100% between 1902 and 1992.  
However, these practices of intensively-used agri-
cultural land led to strong impacts in soil and groundwa-
ter ecology because of soil erosion and soil degradation. 
Bork et al. (1998) postulated for the same time period 
the increase of soil erosion and soil degradation in sever-
al other European regions as well. In order to clarify the 
situation of the soil productivity function, the Prussian 
Taxation of real estate (1864) and the German Soil In-
ventory from 1937 give the soil and land use status be-
fore and without the intensive changes from extensive 
use to intensively-used agricultural land in the second 
half of the 20th century. However, the comparison of the 
two soil assessments by this study indicates steps of 
change. The natural soil productivity decreased to a 
larger area of soil in a lower group of usability (Table 3).  
We distinguish two main periods of the production 
function development in the investigated area during the 
last 150 years. We found a first period from 1864 to 
1960 with relative stability in comparison to other phases 
since the middle of 18th century. The distribution of land 
use types was stable and the changes in natural soil 
productivity in accordance with the investigated soil 
assessments were without high amplitude (Jäger 1987). 
The second active period up to 1960 were characterized 
by new management practices like melioration, fertilisa-
tion and mechanical soil management (Jäger 1987). The 
increase of the production function (e. g. in the produc-
tion of cereals) is accompanied with the degradation of 
natural potential to produce biomass on several fields, 
because of erosion, soil accumulation, soil compaction 
and other changes of physical and chemical soil charac-
teristics. To conclude the comparison of the two soil 
assessments we can say that the natural soil productivity 
has not significantly changed between the middle of the 
19th century and the beginning of the collectivisation 
(1960). Figure 6 shows the development of natural 
productivity and the crop production. Furthermore, the 
main driving forces that influenced this development 
were shown in context of the time scale. 
The increasing landscape dynamics by land use 
practices and land use changes are in the same time es-
sentially for the development of the production function. 
 
Fig. 6 Development of production function according to main driving forces, Legend: P+Ö=Pestilence and Ecological Changes, 
30K=Thirty Years’ War, pG=Prussian Taxation, RBS=German Soil Inventory, WK=World Wars I / II, BR=GDR Agricultural Re-
form, V=GDR “Collectivisation”, EU=European Agricultural Policy 
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The changes in management practices and the new agrar-
ian objectives of the society have strong influences on 
the production function. The result of these develop-
ments is a highly productive agricultural land use. The 
adaptation of the landscape structure and the mono-
functional land use by preference of the production func-
tion is the result of the economic optimisation. This 
economically optimised land use recently goes on with 
the ongoing height human input of energy and substanc-
es. Thus, the today’s stability of the production function 
depends directly and mainly on the inputs of the farmers. 
It follows that the ecological equilibrium of the man-
managed land is increasingly unstable and vulnerable 
against such disturbances as natural hazards (Steinhardt 
2005). Dabbert (1994) points to the enhanced organic 
management practices developed in modern agriculture 
with nutrient balances and increasing soil fertility since 
the 19th century. Meyer (1997) proved for the investi-
gated study area that the regulation functions as a term of 
the landscape household of landscapes is still in decline 
from the collectivisation period. 
The biodiversity heavily decreased after the “collec-
tivisation” by the intensively-used agricultural land and 
the changes of landscape structure (Waldhardt et al. 
2003, Baessler – Klotz 2006). In comparison with that 
the less intensive agricultural land use directly after 
Word War II promoted high spatial heterogeneity and 
the richness species (Baessler – Klotz 2006). The biodi-
versity increase is described for the time period until the 
mid-19th century for cultural landscape followed by a 
decrease since the beginning of industrialisation of agri-
culture (Plachter 2001). 
4. CONCLUSION 
Similar to most European countries, the landscape struc-
ture changes described in this study follow the compara-
ble fundamental changes especially for the time period 
after 1960. Landscape structural changes and the devel-
opment of production function should be seen and com-
bined with results of other disciplines like the studies on 
climate change, the investigations about the loss of bio-
diversity, the degradation of arable land and the deserti-
fication problem. Furthermore, the results show the link-
age between human land use, and landscape structures 
and functions. The interdependency between landscape 
structural changes and the development of production 
function is also demonstrated in this case study. Follow-
up impairments, for example soil degradation, soil ero-
sion and the total loss of soil productivity, the society 
will confront with economic, ecological and social prob-
lems with probably high costs. 
Thus, for a target-oriented, based on the principles 
of sustainability and landscape functions to produce 
ecosystem services land use planning, the historical 
information demonstrated in this study can help to bridge 
the gap between economic and ecological interests. As-
pects of historical land management practices confront 
the discussion with examples how to manage the land-
scape and that the satisfaction of human needs can be 
brought in line with ecological interests. This balance 
between human productive needs and techniques, and 
the ecological basis is necessary for a sustainable future. 
The methods to analyse the changes of landscape struc-
ture and soil production function induced by land use 
since the 18th century in North Saxony demonstrated in 
this study should help to bring the historical infor-
mation/the data of historical maps in the context of mod-
ern methods of landscape analysis. 
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